Highly resolved vibronic absorption and fluorescence spectra of dioxido-p-terphenyl and the fluorescence spectrum of trioxido-p-quaterphenyl in n-hexane at 77 K were obtained. The analysis of the vibrational structure in the excited singlet Si and in the ground So state gives fundamental frequencies in the ground state in good agreement with those from infrared (IR) and Raman spectra.
Introduction
According to the results so far published on the Shpolskii spectra, vibronic spectra of oxido-pbiphenyl belong to the highest resolved ones [1] [2] [3] [4] . Oxido-substituted p-oligophenylenes are very interesting from the point of view of their application in scintillation techniques [5] [6] [7] . A blocking of the movement of the benzene rings in p-oligophenylenes using oxygen as bridging element leads to the coplanarity of all rings [7] . Also in this case, similarly as with oxido-p-diphenylene, a highly resolved structure of the vibronic spectra should be expected.
In the present paper, quasilinear absorption and fluorescence, infrared and Raman spectra were investigated for dioxido-p-terphenyl and trioxido-pquaterphenyl.
Experimental
Dioxido-p-terphenyl and trioxido-p-quaterphenyl were synthesized by Wirth et al. [7] . n-Hexane, spectrograde, from Loba-Vien was dried and its transmittance tested in the uv and visible regions. The quasilinear spectra were measured with an equipment described in [8] at 77 K by means of a PGS-2 grating spectrograph with a 1302 groove/mm grating and a reciprocal linear dispersion of 3.63 A/ mm. A 450 W Xenon lamp in combination with a SPM-2 C. Zeiss Jena monochromator has given a continuous, monochromatic excitation.
Infrared spectra of the substances, compressed into tablets of KBr, were measured by means of a Beckman Acculab 6 spectrophotometer, and the Raman spectra of the powder compounds by a VARIAN model Cary 82 Raman laser spectrophotometer for X = 5145 Ä.
Results and Discussion

a) Dioxido-p-terphenyl
In the fluorescence spectrum of dioxido-pterphenyl in n-hexane 89 lines were observed in the region of 29935 -25657 cm -1 , which can be coordinated to 17 fundamental vibrations. All frequencies active in the fluorescence spectrum accord well with those obtained by the authors from measurements of the IR and Raman vibration spectra and are given in Table 1 . The vibronic spectra exhibit triplet structure according to Shpolskii. Three components of the 0-0 transition in the fluorescence spectrum, i.e., 29395, 29373 and 29345 cm -*, agree with those of the 0-0 transition (purely electronic) in the absorption spectrum. A nonresonant line of 29436 cm -1 occurs in the absorption spectrum in the vicinity of the 0-0 transition, which is interpreted as the coupling between the strongest electronic transition and local lattice vibrations. The distances of the 0-0 resonance components are small (22 and 28 cm -1 ).
The absorption spectrum of dioxido-p-terphenyl (60 lines in the region of 29344-31777 cm~i) was also interpreted in terms of 17 fundamental vibrations. The vibration frequencies in the excited state are in general lower than those in the ground state. Two frequencies 648 (very weak) and 1043 cm -1 (weak) occur in the Si state which cannot be attributed to any vibrations in the So state. In view of their strong intensity they cannot be coordinated to combinative vibrations. Moreover, two fundamental frequencies in the emission spectrum, 758 (very weak) and 1147 cm -1 (weak) without counterparts in the absorption deviate from the rule of the reflection symmetry of absorption and fluorescence.
b) Trioxido-p-quaterphenyl
The bad solubility of this compound in n-hexane enabled the investigation only of the fluorescence spectrum. In the fluorescence spectrum of trioxido- Table 2 ). Probably not all vibronic transitions were recorded on the plate. The low concentration of the solutions and the unequal population of the four emission centres (quartet spectrum according to Shpolskii) enabled the detection only of the strongest transitions in the molecule, despite long exposure times (several hours).
We are very grateful to Professor A. Schmillen from the University in Giessen for kindly giving us the compounds. In previous papers [1] [2] [3] [4] [5] results of a detailed study of the effects of various foreign gases such as noble gases, hydrogen, deuterium and carbon dioxide on the thallium fluorescence line 535.0 nm (7 2 SI/2 -6 2 P3/2) were reported. This note describes an extension of these investigations to measurements of the shape, width and shift of the same T1 line perturbed by nitrogen. Reference is made to our earlier papers [1, 5] for experimental details and nomenclature.
The 535.0 nm T1 fluorescence line was excited by the photodissociation of thallium iodide molecules due to the irradiation of the Til vapour with ultraviolet light of an r. f. electrodeless mercury discharge lamp. The measurements were carried out at a fluorescence cell temperature of 733 K and at nitrogen densities up to 3 X 10 18 cm -3 which corresponds to a pressure of N2 up to 100 Torr at room temperature. Line profiles were analysed using a grating spectrograph and a pressure scanned Fabry-Perot etalon with 1.204 cm spacer and dielectric coating [6, 7] . The shift measurements were performed using a low pressure r.f. electrodeless thallium discharge lamp as the reference source. The r.f. thallium lamp operated at 100 Mc/s.
The methods of line profile analysis were the same as those in our previous works [1] [2] [3] [4] [5] . We have found that the resultant profile of the 535.0 nm T1 line of thallium iodide molecules can be fitted sufficiently well to a Voigt profile which is the convolution of the Lorentzian and Gaussian distribution. Using a procedure first described by Ballik [8] , which was combined with a least squares method, the half-widths yo and yi, of the Gaussian and Lorentzian components of the total profile of the 535.0 nm T1 line were determined.
Results of our measurements are shown in Fig. 1 , where both the Gaussian and Lorentzian halfwidths yo and yi, of the 535.0 nm T1 line are plotted against the density of nitrogen. As can be seen, the Gaussian half-width is practically constant over the entire density range and is equal 0.051 cm -1 . This value is much greater than the value ya = 0.020 cm -1 of the Gaussian half-width resulting from the usual Doppler broadening due to the thermal motion of T1 atoms with the Maxwellian velocity distribution at 733 K. The difference yv -ya = 0.031 cm -1 can be treated as some measure of the additional Doppler broadening arising from the recoil of the excited T1 (7 2 SI/2) atom after photodissociation of the Til molecule [9] . Figure 1 shows that the Lorentzian half-width }>L of the 535.0 nm T1 line depends linearly on the nitrogen density N according to the relation yi,= yo + /5N, where yo is the asymptotic value of the Lorentzian half-width for the fluorescence cell without nitrogen, and ß is the pressure broadening coefficient. Using the least-squares method we found for Tl + N2: ß = (7.55 ± 0.15) x 10" 20 cm-i/molecule cm -3 .
As it is seen from Fig. 1 the shift A of the 535.0 nm T1 line, which is towards the red, is a linear function of the nitrogen density: A=AQ-\-6N, where d is the pressure shift coefficient and AQ is the residual shift for the Til cell with no perturbing gas. The least-squares analysis yielded the value <5 = (-3.00±0.098) X 10-20 cm _1 /molecule cm- 3 .
The linear dependence of both the Lorentzian half-width and the shift of the line agrees with the predictions of the impact theory of pressure broadening of spectral lines [10] . No quantitative comparison of our experimental results with theory can be made because the interaction potentials for T1 + N2 are not known. The red shift of the 535.0 nm T1 line caused by the pressure of nitrogen seems to indicate that the essential contribution to the collision effects on this line comes from the long range attractive forces between the Tl-atom and N2-molecule.
